To determine 1-year outcomes of a four-component behavioral therapy (BT) sleep intervention (Individualized Sleep Promotion Plan [ISPP]) versus a healthy eating control (HEC) on cancerrelated fatigue in women receiving breast cancer adjuvant chemotherapy treatment (CTX).
INTRODUCTION
Maximum physical recovery occurs by 1 year after a diagnosis of breast cancer, 1 with cancer-related fatigue as the strongest predictor of overall quality of life (QOL). 2 Approximately 30% to 40% of women report moderate to severe fatigue during the 5 years after breast cancer treatment and limitations in emotional, social, role, and cognitive functioning. [3] [4] [5] Persistent fatigue and psychological distress have predicted continued distressing fatigue, 6 recurrence-free periods, and overall survival outcomes. 7 Review articles have concluded that fatigue is associated with poor sleep in all three phases (before, [8] [9] during, 10 and after [10] [11] [12] ) of breast cancer adjuvant chemotherapy treatment (CTX). Randomized clinical trials (RCTs) have reported positive effects on both sleep and fatigue after 4 to 5 weekly behavioral sleep sessions in breast and mixed-diagnosis cancer survivors with insomnia years after receiving CTX. [13] [14] [15] The pilot study of this trial 16, 17 reported in all three phases of CTX results of a behavioral therapy (BT) sleep intervention designed to prevent or reduce known perpetuating factors likely to lead to fatigue and poor sleep. Fatigue was mild before CTX, moderate but decreasing during CTX, and mild 1 year after CTX. Total sleep time and sleep percent were normal, but number and duration of night awakenings were elevated.
This larger RCT identified a population experiencing an acute life stressor: breast cancer. Intervention occurred after diagnosis and surgery, before starting CTX, and continuing through all three
Procedures
The study was approved by each site's institutional review board. The timeline, details of measurements, and participant visits are shown in Figure 2 . Interested eligible women were visited by a nurse at home or a preferred location before their first CTX. After consenting to this study designed to modify fatigue, participants were randomized based on site, the number of planned CTX, and history of sleep quality. 19 Baseline instruments were completed after the home visit but before the first CTX. All prescription, over-thecounter, and herbal medications for sleep and other conditions were recorded at each visit, but not restricted during the study.
Experimental Condition
After randomization, BT intervention group participants spent 90 minutes with the research nurse developing a 12-item plan [ISPP (Appendix)] 18 using the coscientist model, 20 Participants spent 30 minutes with the research nurse revising the BT plan 2 days before each later CTX (range, 4 to 8) and 30, 60 and 90 days after the last CTX. Revisions were based on sleep diary and BT plan adherence data. All BT plans were bolstered during 15 minute, in-person sessions 7 to 9 days after each revision. BT group participants spent an average of 327.3(SD ϭ 86.6) minutes in an average of 6.3(1.9) sessions. Women were praised for adhering and coached to address problem areas. Each woman was provided with advice and information tailored to their specific needs (Appendix). The BT plan included four components common to BT therapy for insomnia: 1) stimulus control, 2) modified sleep restriction, 3) relaxation therapy, and 4) sleep hygiene counseling. 21 Treatment fidelity was established by reviewing randomly selected BT plans which were determined to be consistent with the intended protocol. Each clinic managed symptoms that were related to CTX.
Control Condition
Healthy Eating Control (HEC) group participants received in-person sessions of equal time and attention before each CTX and 30, 60 and 90 days after the last CTX. HEC group participants spent an average of 316.7(85.5) minutes in an average of 6.0(1.9) sessions. A new healthy eating topic and general support were provided at each visit. Although the general public might expect healthy eating to impact fatigue, this content was selected to standardize time and attention across groups and was not expected to influence fatigue perceptions. If the topic of fatigue or sleep was raised, participants were coached to call the clinic.
Instruments
Measurements taken at baseline and at 1 year included demographic/ medical and primary (sleep and fatigue) and secondary (symptoms, anxiety, depression, physical functioning) variables. 18 Symptoms were measured using the Symptom Experience Scale (SES). Six CTX-related symptoms, nausea, pain, appetite, bowel pattern, concentration, and appearance were included with fatigue and sleep excluded. 22 Anxiety and depression were screened using the Hospital Anxiety and Depression Scale (HADS). 23 Physical functioning and physical and mental components of health were measured using the Medical Outcomes Study Short-Form General Health Survey (MOS SF-36-v2).
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Subjective sleep quality was measured using the Pittsburgh Sleep Quality Index (PSQI), a 19-item tool of subjective sleep quality during the previous month 19 and the daily diary. Global scores can range from 0 to 21 and higher scores indicate poorer sleep quality. Global scores include seven equally weighted components: sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, sleeping medication use, and daytime dysfunction. In this study, Cronbach's alpha for global PSQI was 0.74 to 0.83. A global PSQI score greater than 5 in the general population 19 and greater than 8 in breast cancer patients has been associated with poor sleep. 25 Sleep diary data have shown modest-to-poor correlations with objective findings but these perceptions represent a valid index of insomnia. 26, 27 Objective sleep variables were captured by the Wrist Actigraph. The octagonal Motionlogger actigraph (Ambulatory Monitoring, Inc., Ardsley NY) is a noninvasive method used to quantify continuous monitoring of body movement in 1 minute epochs (intervals) over time in the subject's usual environment. Actigraph measurements of sleep have been reported to agree with polysomnography (PSG) within Ϯ10%.
28 Women wore the actigraph on the nondominant wrist and usually followed instructions to push the event marker when turning out the lights at bedtime and getting up in the morning. The 7-day actigraphy recording was started on the day when CTX was administered. Variables 29 were total sleep time after sleep onset (min), number of awakenings, minutes and percent awake after sleep onset (WASO-M and WASO-P), sleep percent after onset (percent time asleep after first falling asleep out of total time in bed), and mesor (24-hour rhythm adjusted mean of the activity counts). Sleep latency was excluded because of difficulties with this variable in uncontrolled settings. 30 Fatigue was measured using the 22-item, 4-dimension Piper Fatigue Scale (PFS).
31 Participants indicated their current fatigue on a 0 to 10 scale for each item: mild (0 to 3.99), moderate (4.0-6.99), or severe (7.0 or Ͼ). Internal consistency reliability of the PFS was 0.93 to 0.98.
Data Analysis
The statistical end points for the primary variables (sleep and fatigue) were 30 days after the last CTX 18 and 1 year after the first CTX, compared to baseline values (before the first CTX). The effect size of 0.17 obtained from the feasibility study, combined with a 0.05 level of significance and a two-sided test, determined that 110 participants in each arm would provide 79% power.
Data from 219 participants were double-entered and inspected for artifacts, missing or out of range values, and normality. Actigraph data were retrieved using the Act Millennium and analyzed with Action4 software (Ambulatory Monitoring, Inc., Ardsley, NY). Procedures were followed rigorously for data editing, analysis, and entry into the master data files. 32 Consistent with intent to treat analysis, all available data were included once a participant was randomized into a group. No data imputation strategies were used. Descriptive and inferential statistics were performed using SPSS 15.0 statistical software (SPSS, Chicago, IL). Baseline data were compared using t-tests and 2 tests to ensure comparability between groups. Repeated measures, linear mixed model analysis following the Intent to Treat paradigm, was used to compare the primary outcomes of sleep quality and fatigue between groups and over time, controlling for baseline measures. Additional details regarding the trial methodology are included in the on-line Appendix of this article and were reported previously.
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RESULTS
Demographic/Medical and Study Variables at Baseline and 1 Year
At baseline, both groups reported similar values for demographic/medical data and for primary and secondary variables. 18 One-year later, participants remaining in both groups reported similar demographic/medical data ( Table 1) . Values and unadjusted comparisons were similar for all secondary variables except symptoms (P ϭ .04), which were lower in the intervention group (Table 2) . Sleep aid use recorded on the daily diary did not differ between groups and aids were taken less than 10% of the nights before and during CTX and on less than 5% of the nights at 1 year.
Patterns of Sleep
Both groups' mean global sleep quality scores (Ͼ 5 on PSQI) at each measurement indicated they were fairly poor sleepers (Fig 3 and Table A on-line only). However, these scores were lower than the cutoff of greater than 8 for poor sleep in breast cancer patients. 25 PSQI scores greater than 8 were found in 22% of the BT group and 36% of the HEC group at 90 days (P Ͻ .004) and in 19% of the BT group and 28% of the HEC group at 1 year (ns).
Potential covariates associated with global sleep quality were examined for inclusion in the mixed model analysis. Baseline variables correlated with PSQI at a significance level of P Ͻ .20 were included in the model following a model-building strategy outlined by Hosmer and Lemeshow. 33 Variables examined were anxiety, education, fatigue, physical functioning, surgical procedure, symptoms, and physical and mental health status. Sleep quality differed over 1 year's time [F(4,162) ϭ 7.7, P Ͻ .001], by group [F(1,173) ϭ 4.8, P ϭ .029], and over time by group [F(4,162) ϭ 3.3, P ϭ .013]. The BT group, on average, experienced significant improvement on sleep quality compared to the HEC group. Pair-wise comparisons revealed significant differences between the groups at 90 days (P ϭ .002) but not at 1 year (P ϭ .052). Baseline higher fatigue (P ϭ .027), higher anxiety (P ϭ .012), and more education were associated with poorer sleep at 1 year.
There was no group difference on most diary and objective sleep data at selected times over 1 year (Table B on-line only). Groups were similar on total sleep time, WASO-M, and sleep percent. Both groups' total sleep time and mean WASO-P were within normal ranges; values recorded in the diary were slightly higher than from actigraphs. However, perceptions of WASO-M differed based on measurement at selected times; diary entries averaged 22 to 32 minutes and actigraphs averaged 52 to 64 minutes per night. Similarly, the number of awakenings differed by measurement; diary entries averaged 1 to 2 and actigraph averaged 9 to 12 per night. The night awakenings (actigraph) pattern was significantly different by group over 1 year's time Group by time interaction: P = .013 Group effect P = .029 Time effect P < .001
Behavioral therapy Healthy eating controls Mean ± SE   Fig 3. Patterns of perceived sleep quality by group at selected times during 1 year with higher scores indicating poorer sleep quality. Pr, prior to chemotherapy; Tx, treatment.
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www.jco.org (P ϭ .046), with no differences between groups at 90 days or at 1 year. All sleep variables obtained by diary and actigraph were significantly different over time for both groups (all P Ͻ .01).
Patterns of Fatigue
Fatigue reported by both groups was mild before CTX, moderate during CTX, and returned to mild after CTX ended (Fig 4 and Table C on-line only). Moderate to severe fatigue was reported at 1 year by 20% of women in the BT group and 24% in the HEC group. Potential covariates associated with fatigue (PFS) were examined for inclusion in the model, using the same model-building strategy. 33 Baseline variables examined were age, anxiety, mesor, sleep quality, symptoms, physical functioning, and physical and mental health. Fatigue changed significantly over time (P Ͻ .001), but no group effects were found. Baseline higher symptoms and lower physical and mental health (P Ͻ .001) and higher anxiety (P ϭ .004) were related to higher fatigue at 1 year.
DISCUSSION
This study found a BT sleep intervention (ISPP © ) significantly improved global sleep quality, but not fatigue, in women over 1 year after the first BT intervention and CTX. Seven days of diary and objective sleep data did not corroborate with this perception. To our knowledge, this is the first RCT designed to prevent disturbed sleep, and thereby to reduce fatigue, as women navigate through all three phases of CTX. Although no group effects were found, fatigue was mild at 1 year and lower than before CTX.
Previous cross-sectional studies have reported 30% to 50% insomnia prevalence rates in patients with various diagnoses during cancer treatment 34 and 23% to 44% rates in breast cancer patients 2 to 5 years after cancer treatment. 34, 35 Both rates are double the 10% to 15% rates in healthy women. 36 Savard et al 35 reported that 58% of 300 breast cancer survivors who were approximately 4 years postdiagnosis indicated that cancer caused or aggravated their sleep difficulties and 33% stated insomnia began following diagnosis. This study reported poor sleep quality rates at 1 year that were one half as frequent as in Savard's sample. Our findings are similar to previous RCTs reporting positive results from BT sleep interventions in breast and mixed diagnoses cancer survivors with insomnia. [13] [14] [15] Espie et al 15 also reported positive subjective sleep results that were not corroborated by objective sleep data. Our results are also consistent with data from community-dwelling adults indicating that subjective sleep measures do not always correspond with PSG or actigraph data 37, 38 but are more closely associated with other symptom or psychological ratings. 39, 40 In addition, our results suggest perceptions of sleep quality during the past month were clearly impacted during this stressful life event and emphasize the value of measuring symptoms, and both global and daily subjective and objective sleep.
Similar to previous reports, our sample's 7 nights of actigraphy data identified increased number and duration of night awakenings. [14] [15] [16] [17] Actigraph values of more than 10 awakenings and more than 50 minutes WASO-M per night may be related to perceptions of nonrestorative sleep and higher fatigue. However, percent sleep was more than 85% and total sleep time was about 420 minutes, both within normal ranges. This sample slept longer and had fewer WASO-M than a large sample (n ϭ 589) of healthy women at various menopausal stages who had PSG testing. 41 The excess awakenings were likely not perceived by participants, who recorded a normal number of awakenings and WASO-M in the daily diary. The fluctuating pattern of awakenings (actigraph) over time is likely associated with reports of hot flash interruptions on sleep 42 or related to dietary influences. Sleep aids use was low and similar in both groups in all three phases of CTX and does not explain study results.
Few studies have examined cancer-related fatigue in all three phases of CTX, but comparisons can be made at 1 year. In this study, fatigue levels at 1 year were comparable to, but lower than, before CTX.
5,6,43-45 Also, prevalence of moderate to severe fatigue was lower than the 20% to 40% rates in descriptive reports.
5, [44] [45] [46] A potential explanation for the lack of group differences in fatigue is participants' expectation of the trial. The consent stated the study was designed to reduce fatigue, potentially impacting perceptions of fatigue modification in the HEC group. We found milder fatigue ratings than reported previously 16, 17, 47 ; this finding appears to have restricted the range necessary to obtain significant differences between groups.
BT interventions have shown long-term sleep benefits in persons with chronic insomnia, but they take time and require changing daily habits. [48] [49] Women may have been more accepting and adherent to the BT plan after CTX ended if they felt less anxious and distressed. Similar to previous reports, we found that baseline anxiety was significantly associated with poor sleep and higher fatigue at 1 year. 4, 5, [45] [46] [47] [48] [49] [50] The BT plan may have provided a sense of control for participants and impacted results 90 days after CTX ended; a time referred to as "Lost in Transition." 51 The coscientist model 20 afforded patients the freedom to design their own BT plan. One drawback to this method was that patients often chose strategies that were easier habits to change as opposed to more effective strategies. 52 This study's strengths included the accrual and retention of a large sample, the use of well-validated subjective and objective measures, and the employment of an attention control group rather than a treatment as usual group. We intervened in a high-risk population before they developed sleep disturbances and severe fatigue. Nurses with a minimum of a Bachelor of Science degree were used to deliver the intervention, replicating previous research using advanced practice nurses. 15, 53 Limitations include the lack of racial/ethnic diversity and lack of measurement of participants' expectations. In retrospect, the study may have been hampered by inclusion criteria that did not require sufficient levels of poor sleep and/or moderate fatigue to detect group differences in outcome variables. The potential impact of the BT sleep intervention may have been reduced by the lack of variance due to better sleep and lower fatigue than expected. Trial effectiveness might have been improved by involving the bed partner or family.
Implications for practice include the need to identify and intervene with the BT intervention when women with breast cancer report moderate/severe insomnia. These findings can be added to the National Comprehensive Cancer Network and the Oncology Nursing Society-Putting Evidence into Practice guidelines. [54] [55] [56] Future research needs to explore the impact of, and test methods to, reduce the number and length of night awakenings. Identifying factors influencing adherence and revising the intervention to enhance its acceptability and effectiveness is warranted. Testing the effectiveness of multidimensional interventions that promote daytime activity, night sleep, robust circadian rhythms, and lower anxiety to promote sleep and reduce fatigue during cancer treatment and survivorship is warranted.
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